BACKGROUND-The objective was to assess the effect of timing of postpartum levonorgestrelreleasing IUD insertion on breastfeeding continuation.
Introduction
Breastfeeding has numerous benefits for women and their children, including immunologic protection and nutrition for the infant as well as protection from breast cancer, diabetes, and cardiovascular disease for the woman [1, 2] . Exclusive breastfeeding for at least six months is recommended by the American College of Obstetricians and Gynecologists [2] , the American Academy of Pediatrics [3] , and the World Health Organization [4] . Unfortunately, although 72% of children in the most recent National Survey of Children's Health had ever been breastfed, only 38% were breastfed for 6 or more months [5] . One goal of Healthy People 2010 was to increase the percentage of women who breastfeed at 6 months to 50%, and at one year to 25% [6] . It is therefore important to examine factors that may affect early discontinuation of breastfeeding.
Because progesterone withdrawal may be the stimulus that initiates lactogenesis, administration of progestin-only methods shortly after delivery could theoretically inhibit or alter lactation [7] . Depot medroxyprogesterone acetate (DMPA) provides the highest systemic level of progestin as compared to other progestin-only methods. There are limited studies examining administration of DMPA prior to hospital discharge in breastfeeding women, although existing studies have not shown detrimental effects on breastfeeding [8] [9] [10] or infant growth or development [11, 12] . However, these studies used inappropriate control groups by comparing DMPA to nonhormonal controls [8, 9] or prior lactation experience [10] , did not investigate timing of DMPA initiation [8, 9] , and did not look at long-term continuation rates of DMPA [8] . Most importantly, women who choose DMPA may be very different than women who choose nonhormonal postpartum contraceptive options, so use of the latter group as a comparator is incorrect. A more appropriate control group would be women who desire DMPA but wait 4-6 weeks for administration.
One study comparing breastfeeding outcomes in women receiving the LNG-IUD and the Copper T 380A did not find a negative effect of the LNG-IUD on lactation; however, IUD insertions for both groups were performed 6-8 weeks postpartum [13] . No studies of the effect of immediate postpartum insertion of the levonorgestrel IUD (LNG-IUD) on lactation could be identified. Thus, the effect of initiation of progestin-only contraception immediately postpartum on lactation compared to delayed initiation is unclear.
The purpose of this analysis was to compare breastfeeding continuation among women who enrolled in a randomized trial comparing postplacental LNG-IUD insertion (within 10 min after expulsion of the placenta) and delayed insertion 6-8 weeks postpartum.
Materials and methods
This study was a secondary analysis of a trial approved by the University of Pittsburgh Institutional Review Board and performed at Magee-Womens Hospital, Pittsburgh, PA. The primary study examined 6-month utilization of the LNG-IUD when placed postplacentally after vaginal delivery compared to delayed insertion 6-8 weeks postpartum. The study protocol, demographics, and outcomes were previously described [14] . Briefly, we enrolled pregnant women aged 18 years and over who anticipated undergoing a vaginal delivery and were interested in using the LNG-IUD for postpartum contraception. All subjects gave written informed consent prior to enrollment. If a subject asked about breastfeeding and LNG-IUD usage, she was counseled that the LNG-IUD would not affect breastfeeding. Women received routine prenatal care and were delivered by their primary obstetrician (clinic or private practice) or midwife.
Subjects were randomized equally to postplacental or delayed IUD insertion when they presented to the hospital in anticipation of delivery. The primary obstetrician or midwife informed the investigator on-call of the subject's admission and the investigator opened the next sequentially numbered opaque sealed envelope containing the group assignment of immediate postplacental or delayed IUD insertion. A statistician not involved with the clinical conduct of the study prepared the envelopes using computer-generated random allocations in a permutated blocks. Additional criteria were assessed intrapartum for postenrollment exclusion. These included: 1) cesarean delivery; 2) clinical diagnosis of chorioamnionitis or treatment for presumed chorioamnionitis; 3) sexually transmitted infection during pregnancy diagnosed after enrollment without a subsequent negative test of cure; 4) rupture of membranes for more than 24 h; 5) postpartum hemorrhage; 6) rupture of membranes at less than 34 weeks gestation; 7) subject no longer desired a LNG-IUD; or 8) precipitous delivery such that the investigators were unable to begin placement of the LNG-IUD within 10 min of placental delivery or if the investigators were not notified of the subject's labor and delivery.
Postplacental insertion was performed using the standard LNG-IUD inserter under transabdominal ultrasound guidance, with scheduled follow-up visits at 6-8 weeks and 6 months post-delivery and a phone contact at 3 months. Subjects eligible for delayed IUD insertion were prescribed postpartum contraception by their primary obstetrician or midwife until the 6-8 week post-delivery visit. Following insertion, all subjects had a phone contact at 3 months and a visit at 6 months post-delivery. Study staff were blinded to subjects' randomization assignments when performing the 3-month and 6-month evaluations.
At all follow-up assessments, subjects were asked whether they initiated breastfeeding after delivery and whether they were still breastfeeding. Women who were breastfeeding were asked about exclusivity of breastfeeding. Women who had discontinued breastfeeding were asked how many weeks they breastfed after delivery. The primary outcome of this secondary analysis was continuation of breastfeeding at 6 months in women eligible for LNG-IUD insertion. A secondary outcome was duration of exclusive breastfeeding.
Statistical analysis was performed using Stata 10 (StataCorp LP, College Station, TX). Only women who received an IUD through the study were included. The analysis used modified intention-to-treat data, which included all subjects randomized to postplacental or delayed IUD insertion who were eligible for placement (i.e., did not meet post-enrollment ineligibility criteria). For the primary analysis, subjects lost to follow-up were analyzed as not breastfeeding. Multivariable logistic regression was used to examine the association between timing of IUD placement and the odds of breastfeeding at 6 months while controlling for age, race, nulliparity, and education (high school or less versus greater than high school education). In a second model, receipt of DMPA was added as a covariate. In addition, we performed an analysis limited to the population of women who initiated breastfeeding and an analysis limited to primiparous women. The D'Agostino test of skewness-kurtosis was used to evaluate normality. The Mann-Whitney U test was used for nonparametric continuous variables. Chi-square or Fisher's exact tests were used for comparisons of categorical variables as appropriate. Exact binomial 95% confidence intervals (CI) were calculated for breastfeeding continuation at each timepoint. Survival analysis (time to breastfeeding discontinuation) was analyzed using the log-rank test. For the survival analysis, subjects lost to follow-up were censored at the last known contact.
Results
This prospective trial was conducted between May 2007 and October 2008. This analysis includes the 102 women who had uncomplicated vaginal deliveries and were eligible for LNG-IUD insertion (Fig. 1) . One subject in the postplacental group did not receive her IUD at time of delivery and five subjects in the delayed group did not follow up for IUD placement; these women were excluded from this analysis. Thus, 50 subjects in the postplacental group and 46 subjects in the delayed group were included in this analysis.
Breastfeeding was initiated by 32/50 (64%, 95% CI 49.2, 77.1) of women receiving a postplacental IUD and 27/46 (58.7%, 95% CI 43.2, 73.0) of women receiving a delayed IUD (p=0.59). There were no significant differences in the sociodemographic characteristics of women randomized to each group who initiated breastfeeding ( Table 1 ).
The median duration of lactation was 5 weeks (range 0.5, 27) in the postplacental group and 8.5 weeks (range 0.1, 43) in the delayed insertion groups, p=0.06. Breastfeeding rates declined over 6 months of follow-up, both when evaluating all women randomized and only those women who initiated breastfeeding (Table 2 ). More women in the delayed group compared to the postplacental group continued to breastfeed at 6-8 weeks (16/46 vs 15/50, p=0.62), 3 months (13/46 vs 7/50, p=0.13), and 6 months postpartum (11/46 vs 3/50, p=0.02). The results did not differ when only women who initiated breastfeeding or only primiparous women with no prior breastfeeding experience were analyzed.
Although power is limited by the small number of outcomes, multivariable logistic regression was performed to see if any factors were strongly correlated with breastfeeding at 6 months (Table 3) . Although not statistically significant, African-American race and less than high school education both tended to be negatively associated with breastfeeding at 6 months (p=0.06).
Of women randomized to delayed insertion, six women were given DMPA for interim contraception prior to their 6-8 week visit, four of whom initiated breastfeeding. The remainder of the women were using condoms, abstinence, withdrawal, or no contraception. When DMPA use was included in the multivariable logistic regression analysis, results were similar and DMPA was not associated with breastfeeding continuation at 6 months.
When using the log-rank test to analyze the time to discontinuation of breastfeeding for all subjects ( Fig. 2A) and for primiparous women only (Fig. 2B) , we found that timing of IUD insertion tended to be associated with rates of breastfeeding discontinuation (p=0.06 and p=0.04, respectively).
Discussion
This study found that women who underwent LNG-IUD placement 6-8 weeks postpartum were more likely to breastfeed at 6 months than women who had an IUD placed immediately after delivery, irrespective of parity. Similarly, when IUD insertion was delayed, there was a trend towards increased duration of exclusive breastfeeding. The same findings were seen when analyzing only women who initiated breastfeeding.
Breastfeeding has multiple benefits for both infant and maternal health. These include reducing rates of infant infection, hospitalization for respiratory disease [15] , and death [16] , and reducing maternal risk of ovarian [17] and breast cancer [18] . In addition, women who do not breastfeed have been found to be at higher risk of diabetes [19, 20] and cardiovascular disease [21, 22] . Given the importance of breastfeeding for both infant and maternal health [1] , care must be taken to ensure that efforts to avoid unintended pregnancy do not adversely affect women's ability to breastfeed their children.
While the World Health Organization advises against early postpartum use of hormonal contraception [23] , DMPA is commonly administered to US women before they are discharged from the hospital [8, 9] and has been recommended immediately postpartum by other experts [24] . In the United States, postpartum administration of progestin-only methods are considered category 2 (advantages outweigh risks) for the Centers for Disease Control Medical Eligibility Criteria for Contraceptive Use [25] . Studies of progestin-only methods including progestin-only pills, DMPA, norethisterone enanthate injections, and levonorgestrel implants have not found detrimental effects on infant growth or development [11, 12] or adverse impact on breastfeeding [8] [9] [10] . However, these studies were not randomized trials, and thus may be subject to residual confounding. In addition, some studies did not investigate timing of DMPA initiation [8, 9] or long-term continuation rates of DMPA [8] . Most importantly, women who choose DMPA differ from women who choose non-hormonal contraception, so use of the latter group as a comparator is problematic.
The findings of this study call into question the administration of progestin-containing contraceptives to women in the early postpartum period. This effect on lactation is biologically plausible since if administration of progestin-only methods shortly after delivery inhibits lactogenesis, delayed onset of lactation could lead to decreased exclusive breastfeeding. Given our finding that breastfeeding was sustained longer and possibly with greater exclusivity when LNG-IUD insertion was delayed until 6-8 weeks postpartum, and previous findings that immediate postpartum IUD placement may increase rates of IUD expulsion [26] , immediate postpartum insertion of a LNG-IUD may not be an optimal strategy for postpartum contraception unless women are unlikely to return for IUD placement or are not planning on breastfeeding.
While this study benefits from the use of a rigorous, randomized, blinded, and controlled design, it is limited by the fact that infant feeding practices were self-reported. In addition, this was a secondary analysis of a study that was not specifically designed to look at breastfeeding continuation. Thus, differences in self-reports of infant feeding practices are unlikely to differ by timing of IUD insertion. Bias against breastfeeding in the women randomized to postplacental insertion is also unlikely. Although women were not asked about their breastfeeding intentions prior to enrollment in the study, they were counseled that the LNG-IUD would not affect breastfeeding if questions were raised during the consent process about effects on breastfeeding. Furthermore, women initiated breastfeeding at similar rates in both the postplacental and delayed groups. However, multiple factors play a role in breastfeeding initiation and continuation, such as short hospital stays, hospital policies, partner and family support, social and cultural attitudes, breastfeeding difficulties, parity, and return to work [2, 27] . Thus, the findings of this study may not be generalizable to populations and settings with higher rates of breastfeeding support, initiation, and continuation.
Six subjects in this study were given DMPA as interim contraception prior to their postpartum visit, of whom four women initiated breastfeeding. Although use of interim DMPA was not found to be associated with differences in breastfeeding continuation in this study, the number of women receiving DMPA in the delayed group was small. Given the frequency with which DMPA is used as a postpartum contraceptive in this country, further studies are needed on effects of early postpartum initiation of progestin-containing contraceptive methods. In addition, a randomized trial specifically designed to examine breastfeeding continuation and exclusivity in women receiving postplacental or delayed LNG-IUDs that includes assessment of other factors that contribute to breastfeeding initiation and continuation would be helpful in determining whether the findings of this study are replicable.
In conclusion, this study indicates that breastfeeding women who delay placement of a LNG-IUD until 6-8 weeks postpartum are more likely to continue breastfeeding for 6 months and may be more likely to continue exclusive breastfeeding. Flow of participants. Time to breastfeeding discontinuation by timing of levonorgestrel IUD placement (KaplanMeier graphs). A) All subjects*; * p-value = 0.06 using log-rank test. B) Primiparas*; * pvalue = 0.04 using log-rank test. 
